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Interplanetary Space Exploration:
A)  Readiness for catastrophic disorders: 

- Cancer
- Immunodeficiency
- Muscle and bone losses
- Hematological and cardiac

abnormalities
- Neurological disorders

B)  Countermeasures:
- Hematopoietic stem cell therapy (HSCT)
- Gene therapy
- Others

C)  Robotization; Robotic medicine
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HEMATOPOIETIC STEM 
CELL THERAPY (HSCT)
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Multiple Differentiating Potential of 
Adult Stem Cells

Adapted from: Vogel G, Science 290:1674 (2000)

Possible Benefits of HSCT
• Cancer Therapy:

– Bone marrow replacement therapy for 
blood-born cancer, e.g. leukemia

– High dose chemotherapy
• Hematological disorders:

– Space anemia
– Immunodeficiency

• Muscle and bone losses
• Neurological disorders
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The β-Thalassemic Mouse

WT                          β-THAL                                  
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GENE THERAPY
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OUR AIM IS TO DEVELOP 
RECOMBINANT ADENO-

ASSOCIATED VIRUSES THAT 
CONTAIN HUMAN GLOBIN 

GENES FOR GENE THERAPY 
OF HEMOGLOBINOPATHIES
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rAAV-Mediated Expression of hHb in mHSCs: 
Benzidine Stain
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Possible Benefits of Gene Therapy 
• Genetic engineering of astronauts for 

radiation resistance and other disorders
• Cancer therapy

– Tumor suppressor genes
– Multidrug resistant gene for high dose 

chemotherapy
• Hematological disorders

– Low hemoglobin concentration (MCHC)
– Erythropoietin production

• Muscle and bone losses
– Growth hormones
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ROBOTIC MEDICINE

Adapted from: Time June  4, 2001, p.64
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PREVENTIVE MEDICINE based on 
human / robotic synergistic diagnosis and 

minor operations:

Hematopoietic Stem Cell Therapy 
and Gene Therapy

HUMAN/ROBOTIC HSCT AND GENE THERAPY FOR EXPLORATION OF 
THE SOLAR SYSTEM

SYNOPSIS

1. Long-duration space mission requires countermeasures against 
catastrophic disorders: cancer, bone & muscle losses, etc.

2. HSCT and GT could provide countermeasures/cures to these disorders.

3. Methods for purification and long-term culture of HSCs are established; 
research on AAV-mediated gene therapy is underway: Ohi et al.

4. To enable these treatments by crewmembers in space, the following 
procedures need to be established and automated/robotized:

• Robotic diagnosis of health status and prescription.

• Engineering of robotic HSC purification machine.

• Automated device for growing HSCs in low/0 G from the frozen state: Rf.
Todd et al.
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HUMAN/ROBOTIC HSCT AND GENE THERAPY FOR EXPLORATION OF 
THE SOLAR SYSTEM

SYNOPSIS-continued

• HSC delivery mechanisms:

a)  Gastric resistant capsule form; automated packaging of HSCs in 
capsule.

b)  Intravenous injection: development of i.v. injection machine.

• HSC therapy for muscle and bone losses: Ohi & Shapiro

a) Targeting of HSCs to the tissues.

b) Study of the effect of HSC therapy on muscle and bone losses, using 
rodent hind-limb suspension model.

• Establishment of ex vivo gene therapy protocols in space using a mouse 
model of β-thalassemia: Ohi, Margolis, Fitsgerald et al.

• Human clinical trials for HSC therapy and gene therapy in space.


